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[is^jsi] &WL<n— tttimuz. as. m&SBe 

iw&ws] ^mmmmtfi. 

itl?z&:mz£ »; §s?i£*ii.& - 1 swat*-*!*** 1 

HUM 5] <f9-X»iUiK:v-f ^nl/^X 

[00011 
[0002) 

[0003] ^rtSSftf&Jte^F-OS&fc LTI4. 

-ft. WMteiWfcWbfcJfcK^ ilUlH!fe<0iIiTi>Jfi»tt. 
[0004] 

<^ifi{t*^S"f-& i fc a: BWki-fc . 
[00053 

[SH£S$r$-4fc*>*>^83 swwiwfrRKg^MBe* 



[0006] *»5»A>tt, JJEIWl«:«Wfc-f ^<«K 
[0007] EP^. 3i*0¥lTOO»K*JI§<>vfc»6-fc: 

[ 0 0 0 S ] Z\<rr?4 ^Dl^XTWflBIttu TflSMt 

mm. *otb t*du— hm**** 

2>£k#iP*Lv>. JtJfliWKcisvvc r (;* 

owe fc HIST**. 
[0009] 2.1z\ "*-f ^uH'XTWataKi, 77, 

[ooio] A'7*mi8.±.tz-?'< 

**. 

[001 1] 

[0012] i-f. 09 1 . 2^4«HL-"C*«^tC«tr 

[0013301 < a ) ~ < c > t4*f6W»C««>^«<73 

?n>yX7W ^itOje^^O— WSStflWa-C 

[0 0 1 4 3 : *?HHC:fll*^^ ^aU>-XT^Wfl|jg:k 
it, mi ( a) ~ ( c ) t^rT*D<. BiffiP3m^<0fi*'h 
l^^XSC 1 a*«¥««WBJIUfc«l«iL. . i Oftf* 
WCMU ■» (01 ( a ) COR) 4«0 . 1 — 1 

0, OOOjunu *f*L<t±l~5. 0 0 0 u m<?ffl/b 
UisXUl a**. 0. 1 — 1 0, OOOxtm. JSF*.U< 
(il— 5, OOOiumOOtf-y^ (HI (a)OP>"C'M 
^SiTJt'LO-C£>&. i^J¥^ (0 (a) <0Wj ) til 
0 — 10, OOOjtira. «F*U<lil 0 0— 2\ 000 

[001 53 ^r*J. 3t1&6&<0$kftcommzi±. mi 
( a ) — ( c ) t:^-t^D< . 1 c7)^Sg. ^Hil3t>l 

1, -^-f > q v >XT \s 4 «B£ 1 A k -T h . 
[001 63 UVX» 1 aOi^ti. @1 ( a ) — 

(c > tc^-r*o< . mwmwtt.0>i><wzme>-r. mm 
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^Ss^O. 05~13, 000, OOOjum.. &&L 
<tsO. 5—3. 0 0 0, OOOjumtU^Xg^O. 
1 — 10, 000ac«u #£L<til~5, OOOitm 

[0017] *fKB(£*JWttt. 01(a). ( b ) C 

J; :) cc^tR 1 -5-<0 1 tf5§7*5^t-/ 7 T-jSJB tt k J: 
< . L4 1 ( c ) Kj5Vf*D< . ii37M. \ B±lzy^P^ 

I8i*1 AWv-hfrlWiVtfflRlfcl/rtAv*. Z.<r> 
#-?XfilBOg»Wj l±300~5, 000.U 

I o 0 1 8 ] H3tc55*"**l< . fl&OT*rlWHMBIfi*? 

■htfX .5C5itfc 1 3 li-e<0* £513fiTr &*46. 

r u 4 W^&*^ B J(c|$&21£ 1 X'&ixlf. m 1 
( a ti*fW*D<. IBtS2^^«o^fc)t^3 

IdUflV'f > DL- > XT W 1 A»«»T*3fc$ 

D£5it& .. 

[0020] :£*JHbttt3Sgti. ftilfLfeWEy^-S 

tf^^BBttwt^irt-^^iswfceiR** y v-ais 

i> i k h . 

[0021] £W3BWttti«tt*^-fc Utli. 

foiiviX. < „ WdRJt sJivOrv^ ( > * > 

s/*— *y t^uv'-k 2. 2-tr*C4- 

2-b**C4-(2-(^^) T;iJo-f/W*s/i> 
) J 7i^XD/ry, p-b'X 10- (*:?) T 
?ya>{)lr**i'X-WJ-*)*'> , )l'>'* A, A' - 

it / v- 1 ^gMt^n&Mtret ^ v— k<o?g-& 

A- T^'Jl^— K ^V^'A- T^UP— 



*-A0 4 V i'T* V — h2rk'#W£>it& . 
[0022] .LixfcO 3 #t-. Jgflr^ (tt^SO A 4 
1 . 5 0 BLb. L <l± 1 . 5 5 £Liu Wlcff * L < 

(ii . 5 8i:it^m£*££i£^?»^^-#§*Rs*t 

[0023] ^it^O^-ftltttg^^^-SrSHb^-a: 
^^KOfflSitS^tS-^ISfe^Jk LttS^nOt^*^ 
ff<oit. Clitiot52SJ^Lt^#fflL-Ct.mv 
ItfHkLTtt, fif!li.tf, 2. 4. 6-f'J^^A-^>-V 

/W7x~yP^*7 4 >fi^f^XXf^. 1 -b Ko 
[0024] Wt*a^*HCSBMf«*ft 5tSft 

yMV7tlWw^f•y*-^^*-^, t-y^f- 
[0 025] ttz. je-s^jeb. tfewmm^y^- 

[0 0 26] HmtZ-tZZtX'. 3t3HWxffl!lii93r 

z^rnz rtst9£j k*rr . ) . 

[002 7] wO*^-. 02^-T«tdt2. U>-XgI5}g 

•t\ iO'h$ 5 S:^>'X|fP5AS:^«."=?-(?at'>-XT 
U^?^K2r^E!c-r-&C:kl>T*^&. IP*>, ;»±')^ 

5 col- >X5 A^^^fc^iTJai'l-coaJ^j: 0 
*>^V%3tSr^-C2.vlkT^^rS*D<. iOgp^O 

*»c»^^w^5 a fcjftw* -wti & cm 

) . Z0)**fB?X?r*f— ^4&&ttLX&tt&3 

.y4**L"C«6L; St=2f£Bfc:£®S3fc 
^^^-^4S:{S-f IftfiW^ 5E®W3&»^<OS 
jfe) -r^2e^SS3e*&. ^wii. v*^^^^-V4B8 
kSHfi!l3!P^I5|i*S^-ri.^^-k*^*f tyixh . 
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[0028]- c&tt&ti&mMztiim * tiz «iv 

•Jy^X^^ZhifiX'^^. ~?X? 
[0029 ] r^lSffcttfg^y v-aC^Stfi^-^ 

c?):® ftJcmsw , aerate ± & s-frttawftietfo t sitr 

X v«i,3tra* £ J VC vvsrv->*v ^iSBSfltft^Srv^gMJ- 

[oosoiftot. a^-W3tra^^> w k ej: . 

UT3felifc«!SM**tf 3 £ k 9^L£5eT$-«t:T . 

V - > i: R*t IRKOSe^arS3ia-r £ tf 3 ? xm 

-rs z t tfx-% „ io^ca, frWiopaa^J: ^® 

[003 1 3 lulE^SSfE^, XtfJJeSWWfcBHMJfc 

m3M1Rt& z t tfX'Z h . %®M<rfitm.z . — ®e 
^v^xm<m^m.m^m^x. mut. <r> 

[00321 3tratO£ LTte. SHK£iS J ?»a»fc5STS 

&M&mi;M*:Wiba Lxmitzinmt h z t t^x-$> 

[0033] tft. 4P£X£K(zffiM£-£&fe*>c, m 
it^^tmizx h T——)vm<?wm%:'<i'>x i> <fc 

[0 0 34]i);C. 04-6*#IU. £tf>«k-53::r 
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[0035] 124-6 i±*m*^mm?r&tm^<?>m 
mmzTfcfm.&.ftwmmz'hv. msg. 6i± 

7 ctiaETLitAle, 8tilS®. 10, 1 OA, 

i o b ittm&TrS&m^x'h h . 

[oo36] mm i ii^m , smft%m :: ?<o3z&fr£*z> 

tistt. fsy^i T&Kucommizmtix^&z t 

[0037] *9tmtzii\,vtii. zcomwii t lt . m 
l ( a ) — ( c ) iZ7jk-?lm< s ztLL>cxmizmxtzy° 

f?4 7i3\s>XTV4m&t<r>WmW*R^h* 
[0038] *«ti, XXrfVT&i: 

[0039]»gl ±t^J«;*iX^^1S6te. ^B%3t 

^7^<ojE?iaAoas'j5r»^-r^tfo-c'*>s. zcmmm 

&^%&tcZlz£*)¥T}>tii>Ztti t &>'\ m&z<F>& 

ts:L. m&i±izm&^-2>zbiz£ , )mwt> : £j&j&tz> 
zti>x>$h« &fz. mm&sf^r&m^&m&izte^ 

1 ±C3?TO«^Sr^-r & £ t C J: *) . US 6 2r J£ 

h 4(Appl. Phys. Let 

t . . 6 0^, 271 11, 199 230 . ^r©6tiS 

[0040] ^6<oj^ti. mymvm&ttmzx 

5i?g, 6 0%J3Lh, »*U<tiSO%feLhk-t--S> 
L<, 'i^rtft*, ff^li, ilS. 5—1 0 0 
Onm. ft£V<l$l 0-500 nmSJ^TS)^. I^S 
6*^fiSPJ3t-i;^*^K«» 2S« l tm— ttWX'h~?X 

Zbi>-5Jf&X'$>%. 

[004 1 ] mm6<o±izi&f8L£i\&^m&cm7it^ 

tzJBLt mm 8 ifi ^X^tifc^i^X < LX 
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fo±.<nK¥>tz. i5c^ttt:. rniMmmi attf 

(AppI. Phys. Lett. , 5 1f. 913 
19 87*) . 

1004 2] 125 iz^crmt^mmm^^cm^ 1 

0 4C#Wt. IEfl^^®7 a^fli l/Ctt, 
* J: < - k - 

[0043] ifli 3*JETLIi6S*mi: LTli. «i 
<f, 1 . 1-b'X (4-y-p-HJA75/7x- 
A- ) ^ 7 a^i?- V*0> 3 SRJrS&T 5 >^-- y V £31 
ttUfcSWRST 5 WfcfcW (#HSB35 9-1 9439 

3%f8) . 4. 4' -t'X [N- ( 1 -+y+n>) - 

CCBJft LfzW&mT 5 > ( »HPP 5-234681% 

'JTS > (*H»K*4 . 9 2 
3. 7 7 4-f-) . N. N ' -y'7x-;U-N, N" -b* 
X(3-^f/V7i^) t'7i-/V-4, 4' -y*7 
s y^^S^T 5 > (*H4#f»«4 . 7 6 4, 62 
5*) . «, a. «' • cc- -fb5^f;W«. a* 
-t'X (4--;-p-MI^T$V7i-^) - p 

(•^gg2 F 3-26 9 0S4^-£^) „ tf^ttk 

¥4-129271 %3S) , h-U-/U*t:r?T#fi£^7 
S y«**WR«*»^fe^* ( 4-17539 

iMSU^HHR^T £ V ( *rHPP4 -2.64189% 
«) s ^y^«3t*ir«-&3S«Bl^T.5>' <*#fl¥4 
-29085 1<WM8> . f-*7*V«'C9WMii3»T 
syjL^-yhS:«*Stfet><0 <ttH¥4-3 044 6 6 
%«) - VM5T#i£b 'J 7 S ^ (WRPF 

4-3 08 6 88*&«> , <>^7x-^ft 

HWW4-3 641 5 3*4H8) - 7KVVSt3 
&TSy£3SS£b*:*>*> (4tlPB¥5-2 5 47 3-% 
ffi) h'J7£yft6* (W5-2394 5 5% 
$g) * t^yt'J^^t'7x-/V (WBBT5-3 

20634%«) . N. N. N-h^x-zVTS^ 
^#:(^¥6-197 2%fg) , 

maar^rr^^sK^Ts > (4tlff¥7 - 1 3 8 5 6 2 

%*g ) y'7S^7x xtVb'J 
(*H*7 - 2 5 2 4 7 4 %#B) , t K JV^t^S 
(WSH^- 3 115 9 1 %fg) , S^-^fll^to 
<*BH«RW4. 9 5 0, 9 5 0%#) . >7t^ 
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ffittfr (1WH t 6-4 9 07 9#45«) - *^7tS> 
f&gtt <ttBR?6 -2565 9-J4MR) „ U H >' 

-it-&^*^f Mt&* zixho-tt&mi. m&x-mu 

Xl>£^> 

[0 04 4 ] *tJ. .tEWfcfcttBWC. S3LH*3iUi7 

(Appl. Phys. Lett. . 5 9^. 2 7 60 
1 99 1*) . Jt*U7*X7T^ (WI8¥5-3 

10 94 9#&«j j^y'TSK 3 1 0 9 

4 9%#) . ^Jt'-/VMJ7x- ATSV (^m 1 
7-539 5 3%?8> . h U 7 x^JVTS.^tfftfc* 
■t&S^T (1#^¥4 - 1 3 3 0 65%«> s>D7 
x - jit 5 >-*(S5r^ ^W>S*TaESLfci6!«TF < S 
vnthetic Meta 1 s, 55-57*. 41 
63H. 199 3*) . SWttTSVtr-Mrrfctf'J.* 
^^ijl^— (j. Polym. Sci. , Poly 
m. Chem. Ed. , 2 1t, 969K. 1983 

[00451 IE?LfmJ*« 7aii, £ir4><OIE?l*i5i£*m 

wmm 6 IWWiB* S ixi. . 
[0046] W$i&V>igr&iZ. JE1L1*mffi\cO 1 
2 aULh h . '£^t= * 0 3E?L<7) b ^ V rcflr >M 

i*H7a$rJEM.-r&. >^~m^t LX 

^^»f 4>ix&. >" ^-tUBg^^Jlta^* ^ t TJEfL 

[0047] — 3> . S21f^)^W^ iETL^5t« 

tftctf faUE Lfe«1S 1 ±<oPSffi 6 JifwIEJLttSie 7 a 
[ 0 0 4 S ] Z<?>£ o l,zLXiEi\jmM7 a Sr^-TS 

anic&^/xti^ais < 4 - 3 2 0 4 s 4 % 
4b ) . x y y f®m*8.v**' < >y v ?x^ 

^* (4li¥5-2 9 536 l%ffi> . 77-l^yS 
(W5-33 1 4 5 8%SI> #£1 0-3—1 Offi 
S%<0?6K-eH-7*LT s 7 'J-#^r VTt LXcOJEil 

if-X'hh* 

[ 0 04 9 ] I?LS53*ffi7 a«OKJ5«, iffl^. 1 0-3 

OOnm. »^L<ti30-l OOnmtf)!.. 

5 -Ar^^^jE?LfSiMB5r-«C^-r«. ^Ct±. 
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096 lC^rT*n< - lESUmtm 7 a k &® 6 kOlBK:3E?L 
&7JS 7 c 4 .1 fc t» ?T;bxlT ^ * . jBLS-TJI 

7 c cfflv^ftiflflk tttt. A *yWfyy+;p 
WW v * u y<fc£* <*£B3h35 7 - 5 1 7 8 

« WBW06 3-29569 5*4«R) aWB^fcil* . 
Jl?>J; :1 frlHUfcTJi 7 c Sr^h£$i+5 - k-\j&JSkO 

7 IBUt&ff 7 a k Rlftfc: LT T 7 

^ r ^ n-r*-* ~ k x-m^&LZm±*^& Z. k 3&«r 

[00 5 1] iKfli*7JB7c<OMIW±. a«, 2-10 
0 nm, «iUtt5-50nmT*i. dcoi d^rffil 

[0052] jETUSiiSW 7 a^JiKJBJfcSix&tSfHfeiM 
cr&^gfrX < iETLfnilira 7 a ^ |a](c«!3i!-f £ - k 
[0053] lS?-l8j*iB7 b lcjm>*6*l*tt?IM&ttfl: 

[005-1] iOJ: L^Uu x 

i.??*^^^-/* zvm^ffitte&fa ( « sans 5 

7-5 1781^-4^) . 8-bFadf^y'J^<or 
^s^AHflc&k-^&H&tt (^BBffi5 9-1 9 4 3 
9 3f.^) . y^a^^y'x^ft («HH 1 2- 
2 89 6 7 5*-ftfR> . ^'J yvfiWW* (4*&fFr2-2 
S 9 6 7 6-9£ff> > **-9-^TV— >MSW* (WWR 1 
2-216791 > t'^X^- U ;l^>Hf y W» 

ffc (1SBa :i rl-24 5 0S7-S§^$g. [5)2-22248 
4-§-&f6> . ^yvxBMI* («SPF2- 1898 9 0 
H3-7 9-l*MMi> s 77>J>^» <«B8 
T2-1 91 694-WMI. 113-7 9 2#&$g) . ft 
iJSitft (MrBH^l -256 584#^f8) . 
/l.e5y'>B»* (WW 2 - 2 5 2 7 9 3^£«) . 
p-^x-t^t^ft <WBJT3-^3 3 1 8 3*& 
m . f-TSWatfU («WT3 - 3 7 2 

92-SI-488) Knotty S^VWW* (WBT3-3 7 

2 9 3#^?8) - •f7*-V^~yV®&& (1§S^3-2 0 

3 9 S 2-f£«) * 
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[0055] £itfcOfc^«rmvxfc*T«liiUB7 b 
ii. —f&lz . ^SrlfijM-rsafOk , jOlk^f^TO 

[0056] IEJLtfiiMil7 aj&sffeafcfcffiB&^S^ 

[00573 m=?<r>&zm^*;fa±mtZ> k k t tcffc* 

- k (J. AppI . Ph 
ys. . 6 5^, 36 1 OK. 1989*)^i5ix 

»**>th««ktT«t«>«3tfi»«:l 0-»— 1 0* 

i*iJts-fr-i»wk* I -r#?.. 

[0058] &m&mi bOlift. 10—2 
0 0 nm. jff4Kli3 0~10 0nmt'fe5. 
[0059] *=Hi^t]BUIIiWfcR*«*i£W 

[0060] 04tc*^-i i«cWfi»«*ff*rtr 

v x^aso^m^ii 7 k « > ?tizmf?z* y ( p 

-7x-l^yt-l/y) (Nature. 347ft, 5 
3 91, 1 990*«>,*y (2-><h^^-5- 
(2-3tf'A^*S«';b**i') ~ 1. 4-7i-l->t' 
r^W] (Appl. Phys. Lett. , 5 8ft, 
19821, 1991^(6) . *y <3 -TJWf-A^-* 
7 X V) (Jpn. J. Appl. Phys, 3 Oft. 
L 1 9 3 81, 19 9 1 ^flb) STOWmtt**. #0 

«*3I*L<:* (JGfflWa. 6 1ft. 10441, 19 
9 2#) «4«)Hf <>n«. 

[00611 »ffi8ii, -*mmc.m i iz^=r z -<^x-t & 
fiB6ic«ffl§n?.^«-fflv , >i,c:k* ? srsgT'2bs*<. s& ' 

[0062] fiftWQS&IC*6&*irafcfllIK-*'S B 

[0063] ^is, i4-6ii *fwi'cnmzti&m 
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[0064] 

mm. 

-1*6-2 67 6 5 S-^&m) , HWt^ft (It 

gfff6-33003 1 . 

ISFP6 -3300 3 2^5-&fB) . 0 V-fc^Wl 

(1#^T6 - 325871 *!-&fg) , JHfcdi* 
(1$B3 3 F6-3 2 58 7 2ffi«) . N-7i^W 

^V-rt^eSr^-rS-fk-^ ('#^6 -199562 

^> % N-t'r.A-^/l'^'V-iUm-^ (WWP6-2 0 
0 94 2-5?) ^T^tlSSi^fc** 1 ^^^**. -TrWJS^ 

■UKi. 2^10-O.nm, Jff4L<li5~3 0n 

^EJI^I^-PrmtflSfcil^rnW^tt^ 5 OSS 

[00 6 5] fbftYHfi&JIB. ^SE^fBfcS 

^(TM^SM^ £ H (•:: fa-t ^-?lfij|£JicO± 

(Appl. Phys. Lett. , 5 5t, 14 89 
H, 1 9893M&) +itl<9**e»X**\}JWIt**'A' 

(pmma) mcommz-ftWLVtzM (app i . Phy 

s. Lett. . 6im, 2 7 931, 19 92^) . 
7xtyfO'^^ (»»PF5-3 3 1459-94^ 
$g) . X<4. nl!*Sfl*aft*fl:^y3y, nSHsg-fb 

$S5i£Js<0j£J^ ®^ 5~ 2 00 nm, 8iL<tti 
0—1 OOnm^-fcS. 

[00661 *5HBo*«WIWS3iaPFt4. *-<^ 
[0 0 67] 

[umpm <*c. m&m.vimm*m?-t*mi trie 

[0 068] Hifcffll 

4, 4 • - t*X < j9 9 9 'J a 4 A =T * S"X*-/l^ 



:t) >/'7xz^*yi ooMgqfc. 3fe»&H»£jJt<] 
bLX2. 4. 6-hy^f-/l^<.>'y-f/Wv f 7i— 

0. 0 2mS^£^fcftt¥&£L*:, 
g 1 mmltfs&ttaiEMBftf 1 ram e v f-v'S?'J L-T V 
7vUyX7\"1 fttr>&m&£^ lmmau^v-yn 

Lfc. -tL-T, *7^S*»6 5 0 cm±* 
KS>-g.aj* 8 0 ml/ c m* Oi«a*®*T{c J: 9 J&fctft 
fciXSLfti: LT 3 LT . ®-ffc£fr -> . «fk 

lasL-T, AMbHB&i 2o*ct-iB$iar^-^Jia 
> xsp t* •/ „ ip^v . suf mmfttMam. 1 ic^-r ii o 

[0069 ] ?nls>XTW< is— V^WSLb 

L. ^09¥flVMZ I TO {A ^zs*7J* • XXTO) 
£ f&ffit'"T 0 . 1 jumtfDJS^lCX/^n/^^KL^. <R 
(C, 6N^K ( 5 0*C> ^)3C-/^->-^7Ee:fflV\T, IT 
OP.*rits2mm£73Xh9^"r^^iDXL3t. £OITO 
SlsrUV/Os «t»Lfe. -e<7^ N K^^^SF*?^ 
ISSLT . g§Srt<?5SS£E3^ 1 0-« P a J£lT£*r* * 

Ssbfc^. ^tSIE?Li£A««^i: tT . TIE-ttl 
fi?7^o^T— ^5r^«±tC2 0 nmOg$tttL 
fc. ^^^O^^^JKtiO. Snm/sectJofc. 

[0070] 

I-fkll 




[007 1] KIC. ^^EtLli?M«^i: LT , Tlfi-fk2 
iC^rfN , N' ->'7i-;l-N, N' - (a— 

-i,i' -t'7x-^-4, 4' -yrsy^-fe 
5 $ v ^ . >v-y^.<r>wmco9 > 9 ;i4Si t - 

iil 6 0~ 1 7 0*COSiaT*$iJffllL^. ^^OSES^ 
Jil 0'* P aX\ mmmffliSftl 0#T; 0 n 

[0072] 
Hfc2] 



QwRnnr.irv <1 0223387 A_L> 



Best Available Copy 

I 



(8) 



ftffl^l 0-223367 




[ 0 0 7 3 1 <WC. VrHmMVtmt L-C . TIE-(t3 

(C 9 H 6 NO) s Srffl^-C. ±!E%f&IE?L«ij*JI?)± 
(CHtt£ LT^S £ ft. - WKO^fdJofflltt 2 
3 0-2 7 O-CiOSEHfSiftlL-ft. I^BSOKSKte 2 
Xl0-Horr. ^I^Sti 3% 3 0 &\ ^ilftm 
^5MJi<?3MJ5t4 7 5 nmt'ifeoft, 

[0074] 

Ht3 ) 




[0075) lyiWMJISl^fiSwiJIS: 
JBlftt^SK^ -T^^^fctt^AWfi (Ms : 
Ag=l 0:1- 5 (flFFft) ) -kO -7C 
E|BSf3£3H£tC k -> t 4 0 n m i: =Sr& J: 5 tc^* ft 

mLft. .fs*« t'jT'fy #- vzm ^xm^m 2 x 

tft. 

[0076] ^ftft^S-Pr^^*) I TO^fSfiq] 
£ jDffi, Ms A g £-£:l&IB8£|i£fiefc LT . 6 V<7>m$£% 
EarEPSnLfti:-!^ 4mA/cm ! <03ISu& s 55fU ^ 

[0 0 7 7] $mM2 

2 m mgC^^^Dfl^A* 2 mmtf-, -f-T^J LTf>& 
v>f ?ni/yX7W W^HSrffl^fci fcCUHttOMP! 

ft:. 

[00 78] HS£fW3 

y i/> io omsigs^. ifcm^mm>\t ut 2 . 4 . 6 
-ho x*t\f*y % f4n'i'7 x-a*x7 -r ^rt^f im 
ho. mftgcat^^v^iy^o. 0 2ssa5f:in 

SitiiS'SrlSgl 0jum<O3^BaSS:2Ox/rotr-xf- 
T^rf h*U%t*W*f— > ( 1 • 5mmW-<r>^}vX 



< & <t ? t-tx§ ) fc . 1 mmJ?«0 'J a VX^-t- Sr 

ft. -T <0ffi*>S> 5 0c mJSiXT±Ttct)2»ai7JSmW/ 
c m* «HE*»Ttf> Wl7X?y^ 

T±Ti 0 1 l^SR^tcPJtLT^b^-oft. 
Bll>LftfH«fl& 1 2ox:-eiB§^T--;^aa 

ft. 

[0079] HS£P94 
l£S 5 0 m<7«t3©SgP«: 8 0 u m f y 

get- etff*at' f itfi<7)V'f ?ovyX7^ 
-f^-b^#ft. z<7)i^-h^mmtvxm^t:z.kiv. 

[ooso] uteris 

IS® 1 0 0 At nKOpBSSSSBS: 1 1 0 Mint? y *"C1T?-* 

TW>--h£r^ft. i£0v—h$rS«t UXfB^fti 

L . -^^WSiOifflJESr^T^mSr^H^Lft. 
[0081] ^i£^J6 

mtams^mtmmizvx n 7oi/yX7i/'f 

harf^L, 1 0 0 0mtiiM7X1 

^Lft±t=Sfe. ytmt-tzzt&x Wy^frtX. 
^ltc^Lft. 

[0082] mt&mr 

JP$ 1 0 0OAim^^7 X^Ji(C V -4 ^al^XTW 

a*^m^§ixft. ^i \<z^tv>x^ \s>-xu&\m* 

^SitLft. i^S«S«Srffl^ft- 1 CI^KdMIH 1 

^^f-oxmmim i tr^Lft. 

[0083] it©[l5>Jl 



best Available Cppy . 



(9) 



0-2 23367 



-fiio. ) zm^Kz ttMumtmi tmmzLxn 

[00 841 

UUyiOO**^t-:^^lf3^NfcLT2. 4, 6- 
0 lllM^V^i^^O- 0 2g££G*r#J— 



ffl<t 1 5S^4 0cmT'±TtJbSai^S0W/cm2 CO 
#Efet^fk^ltr2 5mmx7 5mm«0^5>f 

[0085] 
[*1] 



m 


S ffi CD m it 


I cd/ erf ] 


[am] 


[am] 


[um] 


( u m] 


b m 


itm 

[g/cc] 


m 


1 


1000 


5 OO 


10 00 


i 000 


1. 63 


1.3 5 


388 


2 


2000 


100 0 


2 0 00 


1000 


1. 63 


1 . 3 5 


3 88 


3 


1 0 


4 2 


2 0 


1000 


1. 5 9 


1.26 


14 4 


4 


50 


400 


80 


1000 


1. 59 


1.26 


117 


.5 


100 


12 50 


1 1 0 


1000 


1- 59 


1.26 


1 O 9 


6 


1 0 


4 2 


2 0 


2 100 


1.5 9 


1. 97 


14 4 


7 


1 0 


4 2 


2 0 


2 0 00 


1. 59 


2.0 1 


1 44 


tt 
<3 


1 








100 0 


1. 53 


2. 76 


9 6 


2 








1000 


1.59 


1.26 


9 6 



[0086] 

z>.%ix. #jww>«re*«Jiawi. mis.. & 
i^m{,zim>xmw3:tkmx'$>h. 

] *&mz®h&nnt%m&T/mft(m : k®.wi- 
hmtmx-hz. 

[H2] vf^nwyxrU'ftiBt«»BrtE^rsfe«>— 

[04 ] ^^^{S^-Tr^^^-^ffi £ 
[05 ] *|6qiO^1E5H%3^^)ft!i<0^tfeWSr5rrr 



[06 ] *^Bfl<7>^ll^-frl^^^X<!^Sfi(?ySr^ 

[ff^-^ia^] 

1 3g« 

1 a U->-X3B 

1A J'nl^XTWBBft 
1 B ^5X« 

4 >#S^^^^-> 

5 fl^ttlKtt*,'"*-*** 
6 

7 WlgfBfcJI 
7 a iEJL^iM® 
7 b «rFI83MJI 
7 c IEfU$7Ji 

s fiffi 

io, ioa, iob nw&nft%m* 



BNSOOQD: <JP .4 10223367 A l_> 



Best Available Copy. 



1 I 



(10) 



^spl 0-22336 



1.1 3 



[1323 



-R—t r-P* 



3 • JfeJt^t® 




1A« -^f ^Dl/^ 



la: 



4 / A *, A _-A: *as 
> . .. . . { t .. ( -**fr<?-> 

\ 

5,A Y^S 



^/ o o o 




5A 




[033 



[043 





[H6 3 




Japanese Kokai Patent Application No. Hei 10[1998]-223367 



Job No.: 228-107262 Ref.: JP 10-223367/PF030134 US/PAV (LISA)/#6950 

Translated from Japanese by the McElroy Translation Company 
800-531-9977 customerservice@mcelroytranslation.com 



1 



Int. CI.' 



JAPANESE PATENT OFFICE 
PATENT JOURNAL (A) 
KOKAI PATENT APPLICATION NO. HEI 10[1998]-223367 

H 05 B 33/02 
F21V 5/02 



Filing No.: 
Filing Date: 
Publication Date: 
No. of Claims: 
Examination Request: 



Hei9[1997]-21528 
February 4, 1997 
August 21, 1998 
5 (Total of 10 pages; OL) 
Not filed 



ORGANIC ELECTROLUMINESCENCE ELEMENT 



Inventors: 



Applicant: 



Agent: 

[There are no amendments to this patent.] 



Kanko Karasawa 

Tsukuba Research Lab, Mitsubishi 
Chemical Co., Ltd. 
8-3-1 Chuo, Ami-machi, 
Ianshiki-gun, Ibaraki-ken 

Hiroyuki Kanai 

Yokohama General Research Lab, 
Mitsubishi Chemical Co., Ltd. 
1000 Kamoshita, Aoha-ku, 
Yokohama-shi, Kanagawa-ken 

000005968 

Mitsubishi Chemical Co., Ltd. 
2-5-2 Marunouchi, Chiyoda-ku, 
Tokyo 

Katashi Omono, patent attorney 



2 



Abstract 
Objective 

To provide an organic electroluminescence element that is light and can realize high 
brightness even if driven at low voltage. 

Means to solve 

In the organic electroluminescence element comprised of substrate, anode, organic 
luminescent layer, and cathode, a substrate having micro-lens array structure 1 A made of a 
plastic material is used as substrate 1 . 

Effects 

When a conventional plate-shaped substrate is used, the light from the luminescent part 
passes through the substrate unaffected. On the other hand, if substrate 1 with micro-lens array 
structure 1A is used, the light 3 from luminescent part 2 is focused in the projecting parts of the 
micro-lens array. As a result, the brightness can be improved. Also, the weight can be reduced by 
using the micro-lens array structure 1 A made of a plastic material. 




1 Substrate 

2 Luminescent part 

1 A Micro-lens array structure 

la Lens part 



3 Luminescent light 

1, IB, 1A [sic; IB] Glass plate 

Claims 

1 . An organic electroluminescence element having an anode, organic luminescent layer, 
and cathode laminated on one side of a substrate, characterized by the fact that the substrate has a 
micro-lens array structure made of a plastic material. 

2. The organic electroluminescence element described in Claim 1 characterized by the 
fact that the micro-lens array structure is made of a photocurable resin. 

3. The organic electroluminescence element described in Claim 2 characterized by the 
fact that the photocurable resin is obtained by photocuring a photocurable liquid monomer 
containing a polyfunctional (meth)acrylate compound. 

4. The organic electroluminescence element described in any of Claims 1-3 characterized 
by the fact that the micro-lens array structure is manufactured by exposure via a mask. 

5. The organic electroluminescence element described in any of Claims 1-4 characterized 
by the fact that the substrate has a micro-lens sheet laminated on a glass substrate. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to an organic electroluminescence element. More 
specifically, the present invention pertains to an organic electroluminescence element with 
improved brightness. 

[0002] 
Prior art 

Recently, organic electroluminescence elements have become fairly practical as a result 
of improvement of the durability and development of the hole transport layer used for realizing 
full color, the luminescent layer, and other materials and layer structures. However, when the 
element is driven at low voltage in order to improve the durability or color filters, etc., are used 
to realize full color, the brightness becomes low. Although efforts have been made in recent 
years to search for coloring materials with excellent stability at high luminescence efficiency, it 
has not been possible to obtain a satisfactory organic electroluminescence element simply by 
using modified coloring materials. 
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[0003] 

Also, a glass substrate is typically used as the substrate for an organic 
electroluminescence element because of its optical characteristics, mechanical characteristics, 
and other characteristics. This not only limits development of light and thin organic 
electroluminescence elements but also causes problems in moldability and processibility during 
manufacture. 

[0004] 

Problems to be solved by the invention 

A purpose of the present invention is to provide an organic electroluminescence element 
that can realize high brightness even if driven at low voltage. Another purpose of the present 
invention is to reduce the weight of the organic electroluminescence element. 

[0005] 

Means for solving the problems 

In order to realize the aforementioned purpose, the present inventors performed extensive 
research. As a result of this research, it was found that an organic electroluminescence element 
with light weight, high brightness, and low voltage can be realized by incorporating a micro-lens 
array structure made of plastic into the organic electroluminescence element. 

[0006] 

In order to solve the aforementioned problem, the present inventors conducted extensive 
research. As a result of this research, it is found that an organic electroluminescence element 
with brightness and low voltage can be realized by incorporating a plastic micro-lens array 
structure into the organic electroluminescence element. The present invention was achieved 
based on this research. 

[0007] 

When a normal plate-shaped substrate is used, the light from the luminescent part passes 
through the substrate as it is. On the other hand, if a substrate with a micro-lens array structure is 
used, the light from the luminescent part is focused in the projecting parts of the micro-lens 
array. As a result, the brightness can be improved. Also, the weight can be reduced by using a 
micro-lens array structure made of a plastic material. 
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[0008] 

It is preferred to form the micro-lens array structure using a photocurable resin, 
especially, a photocurable resin obtained by photocuring a photocurable liquid monomer 
containing polyfunctional (meth)acrylate compound. In this specification, "(meth)acrylate ,! 
means "acrylate and/or methacrylate." This is the same for the "(meth)acryloyr described later. 

[0009] 

Also, it is preferred to manufacture the micro-lens array structure by means of exposure 
via a mask. 

[0010] 

The substrate used in the present invention can be formed by laminating a micro-lens 
sheet on a glass substrate. 

[0011] 

Embodiment of the present invention 

In the following, the embodiment of the organic electroluminescence element disclosed 
in the present invention will be explained in detail based on figures. 

[0012] 

First, the substrate having the micro-lens array structure made of plastic disclosed in the 
present invention will be explained based on Figures 1,2. 

[0013] 

Figures l(a)-(c) are schematic diagrams explaining the structure and focusing effect of 
the substrate disclosed in the present invention. Figure 2 is an oblique view illustrating an 
example of the method for forming the micro-lens array structure. 

[0014] 

As shown in Figures l(a)-(c), the micro-lens array structure disclosed in the present 
invention refers to a structure in which micro-lens parts la with arc-shaped cross section are 
arranged in a planar manner. More specifically, micro-lens parts la with diameter (R in 
Figure 1(a)) in the range of 0.1-10,000 [im, preferably, in the range of 1-5,000 \xm are arranged 
side by side at a pitch in the range of 0.1-10,000 \im, preferably, in the range of 1-5,000 jam (P in 
Figure 1(a)). The thickness (Wi in Figure 1(a)) is in the range of 10-10,000 |xm, preferably, in the 
range of 100-2,000 [an. 
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[0015] 

To focus the light, as shown in Figures l(a)-(c), micro-lens array structure 1 A is formed 
to project to the side opposite the side for forming luminescent part 2 by laminating the anode, 
organic luminescent layer, and cathode on substrate 1 . 

[0016] 

As shown in Figures l(a)-(c), the shape of lens part la is not limited to a shape having a 
semicircular cross section. Any projecting lens shape with an arc-shaped cross section is 
possible. In this case, the curvature radius is in the range of 0.05-13,000,000 pm, preferably, in 
the range of 0.5-3,000,000 |im. The diameter of the lens is in the range of 0.1-10,000 pm, 
preferably, in the range of 1-5,000 pm. 

[0017] 

In the present invention, as shown in Figures 1(a), (b), substrate 1 can be molded from 
plastic to have micro-lens array structure 1 A on one side. As shown in Figure 1(c), it is also 
possible to form micro-lens array structure 1 A made of plastic on glass plate IB or laminate a 
sheet of micro-lens array structure 1 A manufactured separately on glass plate IB to form 
substrate 1. In this case, the thickness W 2 of glass plate IB is preferably to be in the range of 
300-5,000 urn. 

[0018] 

For the plate-shaped substrate 1 1 in the conventional organic electroluminescence 
element as shown in Figure 3, since the light 13 coming from luminescent part 12 passes through 
the substrate directly, it is diffused directly. On the other hand, for substrate 1 having the 
micro-lens array structure disclosed in the present invention, as shown in Figures l(a)-(c), the 
light 3 coming from luminescent part 2 is focused in part of projecting micro-lens array structure 
1 A. As a result, the brightness of the organic electroluminescence element can be improved. 

[0019] 

In the present invention, it is particularly preferred to form the micro-lens array structure 
with a photocurable resin. 

[0020] 

The photocurable resin is obtained by photocuring a photocurable liquid monomer 
composition containing a photocurable liquid monomer, photopolymerization initiator, etc. 
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[0021] 

There is no special limitation on the photocurable liquid monomer as long as it can be 
polymerized and cured under light irradiation to form a transparent polymer. (Meth)acrylate type 
compounds are typically used. Examples include methylene glycol di(meth)acrylate, hexanediol 
di(meth)acrylate, 2,2-bis[4-(meth)acryloyloxyphenyl]propane, 2,2-bis[4-(2- 
(meth)acryloyloxyethoxy)]phenylpropane, p-bis[P-(meth)acryloyloxyethylthio]xylylene, 
4,4 , -bis[p-(meth)acryloyloxyethylthio]diphenyl sulfone, trimethylolpropane tri(meth)acrylate, 
urethane acrylate, epoxyacrylate, and other polyfunctional (meth)acrylates, and mixtures of these 
monomers and monofunctional monomers copolymerizable with the aforementioned monomers, 
and mixtures of the aforementioned polyfunctional (meth)acrylate compounds and polythiols 
addition polymerizable with said polyfunctional (meth)acrylate compounds. Examples of the 
aforementioned monofunctional monomers include methyl (meth)acrylate, benzyl 
(meth)acrylate, etc. Examples of polythiols include pentaerythritol tetrakis(P-thiopropionate), 
tris[2-(p-thiopropionyloxy)ethyl] isocyanurate, etc. 

[0022] 

Among said examples, it is preferred to use monomers that can generate polymers with a 
refractive index (with respect to air) of 1 .50 or higher, preferably, 1 .55 or higher, more 
preferably, 1.58 or higher. 

[0023] 

The conventional photopolymerization initiators used for curing the aforementioned 
photocurable liquid monomers can be used in the present invention. They can also be used as a 
mixture of two or more types. Examples include 2, 4,6-trimethylbenzoyldiphenylphosphine 
oxide, trimethylbenzoylphenylphosphinic methyl ester, 1-hydroxycyclohexyl phenyl ketone, 
benzophenone, diphenoxybenzophenone, etc. 

[0024] 

When photocuring and thermocuring are combined in order to complete the curing 
quickly, benzoyl peroxide, diisopropyl peroxycarbonate, t-butylperoxide (2-ethyl hexanoate), or 
other well-known thermal polymerization initiators can be added. 

[0025] 

If necessary, it is also possible to add antioxidants, UV absorbents, coloring agents, etc., 
to the photocurable liquid monomer composition. 
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[0026] 

To form the micro-lens array structure made of a photocurable resin by means of 
photocuring, for example, the aforementioned photocurable liquid monomer composition can be 
fed into a plate-shaped die with micro-lens array structure in part of it, followed by exposure. 
More specifically, the photocurable liquid monomer composition is fed into the space between a 
plate having a micro-lens array shape and a flat plate and is photocured by irradiating light from 
the side of the flat plate. The micro-lens array structure is formed on the side of the plate with the 
micro-lens array shape on the photocured resin molding. (This method is referred to as "die 
transfer method" hereinafter.) 

[0027] 

In this case, as shown in Figure 2, a micro-lens array structure having smaller lens part 
5 A can be formed by using a negative mask pattern 4, which only allows light to pass through 
part 4 A corresponding to the lens part to be formed instead of the plate with the micro-lens array 
shape, and by exposing photocurable liquid monomer composition 5. In other words, said 
negative mask pattern 4 is used to block more light in the area where lens 5 A made of 
photocurable liquid monomer composition 5 is formed than the light in other areas. In this way, 
lens 5 A swelling in that area can be formed as to be described later (this method is referred to as 
"partial light irradiation method" hereinafter). The partial light irradiation method using said 
negative mask pattern 4 can be carried out as a two-step exposure method, in which exposure is 
performed via said negative mask pattern 4 in the first step, followed by full surface exposure 
(exposure on the entire surface except for mask pattern 4 or exposure from the reverse side) in 
the second step. It is also possible to perform exposure from the side of mask pattern 4 and the 
reverse side at the same time. 

[0028] 

The negative mask pattern used in the partial light irradiation method can be obtained 
using an appropriate method, such as photolithography, vapor deposition, printing, etc. It is 
preferred to use a glass plate as the substrate that carries the mask pattern. However, it is also 
possible to use polymer film or a substrate made of paper. Said polymer film or paper can also be 
adhered to glass or other solid material. The mask surface where the pattern is drawn can be 
arranged either on the inner surface or the outer surface of the die, into which the liquid will be 
injected. In order to obtain a good pattern transferability, it is preferred to arrange the mask 
surface on the inner side, that is, the side having contact with the photocurable liquid monomer 
composition. In this case, it is preferred to use a chromium-deposited mask made of glass in 
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consideration of recycling of the mask without being penetrated by the photocurable liquid 
monomer composition. 

[0029] 

During photopolymerization of the photocurable liquid monomer composition, curing 
shrinkage occurs in company with increase of the degree of polymerization under light 
irradiation. Consequently, when partial light irradiation is performed via the negative mask 
pattern, the part not masked and irradiated by the light is first cured and affected by said curing 
shrinkage. The masked part not irradiated by the light or the part irradiated by less light becomes 
recessed. In other words, the non-masked part forms a projecting part. The projecting part 
becomes a spherical or nonspherical (similar to spherical shape) lens part since the light also 
returns to the masked part as a result of the refraction phenomenon occurring as the irradiating 
light passes through the mask. 

[0030] 

Consequently, after the uneven pattern is formed on the surface by means of partial light 
irradiation, curing can be completed by irradiating light on the entire surface except for the 
negative mask pattern to obtain the final micro-lens array structure. Alternately, glass or other 
material that allows transmission of light is used for the die arranged on the opposite side of the 
negative mask pattern via the photocurable liquid monomer composition, and light is irradiated 
from the side of the die on the entire surface to complete curing. In this case, it is also possible to 
form the uneven pattern on one side and cure the entire surface at the same time. 

[0031] 

In both the aforementioned die transfer method and partial light irradiation method, the 
light source should be selected appropriately depending on the photocurable liquid monomer 
composition and the characteristic application example of the photopolymerization initiator. A 
high pressure mercury lamp, metal halide lamp, short arc lamp, and other UV light sources are 
typically used as the light source to emit parallel light, scattered light, etc. It is also possible to 
use a laser or other visible light source, infrared light source, etc., in combination with 
photosensitizer. 

[0032] 

In order to accelerate the curing during light irradiation, it is also possible to heat the 
entire die, into which the liquid is injected, or add a thermopolymerization initiator to accelerate 
the curing process. 
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[0033] 

To further reduce optical strain, it is also possible to perform annealing by means of low 
heating after the curing. Hard coating, antireflection coating, or other surface treatment can also 
be performed. 

[0034] 

In the following, the configuration of the organic electroluminescence element disclosed 
in the present invention using a substrate having the aforementioned micro-lens array structure 
made of plastic will be explained based on Figures 4-6. 

[0035] 

Figures 4-6 are schematic cross-sectional views illustrating configuration examples of the 
organic electroluminescence element of the present invention. In the figures, 1 represents a 
substrate, 6 represents an anode, 7 represents an organic luminescent layer, 7a represents a hole 
transport layer, 7b represents an electron transport layer, 7c represents a hole injection layer, 8 
represents a cathode, 10, 10A, 10B represent organic electroluminescence elements. 

[0036] 

Substrate 1 serves as the support for the organic electroluminescence element. It is 
required to have excellent optical characteristics, heat resistance, surface accuracy, mechanical 
strength, light weight, gas barrier property, etc. 

[0037] 

In the present invention, a micro-lens array structure made of plastic with excellent 
characteristics or a laminate of a glass plate and the micro-lens array structure is used as 
substrate 1 as shown in Figures l(a)-(c). 

[0038] 

It is also possible to form a compact silicon oxide film, etc., at least on one side of the 
substrate in order to improve the gas barrier property. 

[0039] 

Anode 6 formed on substrate 1 is used to inject holes into organic luminescent layer 7. 
Said anode 6 is usually made of aluminum, gold, silver, platinum, nickel, palladium, platinum, or 
another metal, indium and/or tin oxide or another metal oxide, copper iodide or another metal 



11 



halide, carbon black, or poly(3-methylthiophene), polypyrrole, polyaniline, or another 
electroconductive polymer. It is preferred to use polypyrrole, indium/tin oxide. Anode 6 is 
usually formed by means of sputtering or vacuum deposition. When fine particles of silver or 
another metal, fine particles of copper iodide, etc., carbon black, fine particles of 
electroconductive metal oxide, fine powder of electroconductive polymer, etc., are used, it is also 
possible to disperse the material in an appropriate binder resin solution, which is then coated on 
substrate 1 to form anode 6. Also, when an electroconductive polymer is used, it is also possible 
to form anode 6 by directly forming a thin film on substrate 1 by means of electrolytic 
polymerization or by coating the electroconductive polymer on substrate 1 (Appl. Phys. Lett., 
Vol 60, p. 271 1, 1992). It is also possible to form anode 6 by laminating different substances. 

[0040] 

The thickness of anode 6 varies depending on the requirement of transparency. If 
transparency is required, the transmissivity of the visible light is usually 60% or higher, 
preferably, 80% or higher. In this case, the thickness of the anode is usually in the range of 
5-1000 nm, preferably, in the range of 10-500 nm. If anode 6 can be opaque, it can be made of 
the same material as substrate 1. It is also possible to laminate different electroconductive 
materials on anode 6. 

[0041] 

The organic luminescent layer 7 formed on anode 6 is made of a material that can 
efficiently transport and recouple the holes injected from anode 6 and the electrons injected from 
cathode 8 and can generate light efficiently as a result of the recoupling between the electrodes to 
which an electric field is applied. In order to improve the light generating efficiency of organic 
luminescent layer 7, the layer is usually divided into a hole transport layer 7a and an electron 
transport layer 7b as shown in Figure 5 (Appl. Phys. Lett., Vol. 51, p. 913, 1987). 

[0042] 

For the functionally separated organic electroluminescence element 10A shown in 
Figure 5, it is necessary to form hole transport layer 7a with a material that has high hole 
injection efficiency from anode 6 and can efficiently transport the injected holes. Consequently, 
the ionization potential should be small, and the hole mobility should be high. Also, the material 
is required to have excellent stability and be difficult to generate impurities that will become 
traps during manufacture or use. 
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[0043] 

Examples of such hole transport materials include l,l-bis(4-di-p- 
triaminophenyl)cyclohexane or other aromatic diamine compounds formed by connecting 
aromatic tertiary amine units (Japanese Kokai Patent Application No. Sho 59[ 1984]- 194393), 
4 J 4 , -bis[N-(l-naphthyl)-N-phenylamino]biphenyl or other aromatic amines containing two or 
more tertiary amines and having two or more condensed aromatic rings substituted by nitrogen 
atoms (Japanese Kokai Patent Application No. Hei 5[1993]-234681), aromatic triamine as 
derivatives of triphenylbenzene and having a starburst structure (US Patent No. 4,923,774), 
N,N , -diphenyl-N,N , -bis(3-methylphenyl)biphenyl-4,4 , -diamine or other aromatic diamines 
(US Patent No. 4,764,625), a,a,a\a'-tetramethyl-a,a , -bis(4-di-p-trilylaminophenyl)-p-xylene 
(Japanese Kokai Patent Application No. Hei 3[1991]-269084), triphenylamine derivative whose 
entire molecule is three-dimensionally asymmetric (Japanese Kokai Patent Application No. Hei 
4[1992]-129271), compounds having plural aromatic diamino groups substituted by pyrenyl 
groups (Japanese Kokai Patent Application No. Hei 4[1992]-175395), aromatic diamines having 
aromatic tertiary amine units connected by ethylene groups (Japanese Kokai Patent Application 
No. Hei 4[1992]-264189), aromatic diamines having a styryl structure (Japanese Kokai Patent 
Application No. Hei 4[1992]-290851), compounds formed by connecting aromatic tertiary amine 
units with thiophene groups (Japanese Kokai Patent Application No. Hei 4[1992]-304466), 
starburst type aromatic triamines (Japanese Kokai Patent Application No. Hei 4[1992]-308688), 
benzylphenyl compounds (Japanese Kokai Patent Application No. Hei 4[1992]-364153), 
compounds formed by connecting a tertiary amine with fluorene groups (Japanese Kokai Patent 
Application No. Hei 5[1993]-25473), triamine compounds (Japanese Kokai Patent Application 
No. Hei 5 [ 1 993]-239455), bisdipyridylaminobiphenyl (Japanese Kokai Patent Application No. 
Hei 5[1993]-320634), N,N,N-triphenylamine derivatives (Japanese Kokai Patent Application No. 
Hei 6[1994]-1972), aromatic diamines having a phenoxazine structure (Japanese Kokai Patent 
Application No. Hei 7[1995]-138562), diaminophenylphenanetriazine derivatives (Japanese 
Kokai Patent Application No. Hei 7[1995]-252474), hydrazone compounds (Japanese Kokai 
Patent Application No. Hei 2[1990]-31 1591), silazane compounds (US Patent No. 4,950,950), 
silanamine derivatives (Japanese Kokai Patent Application No. Hei 6[1994]-49079), 
phosphamine derivatives (Japanese Kokai Patent Application No. Hei 6[1994]-25659), 
quinacridone compounds, etc. These compounds can be used either alone or, if necessary, as a 
mixture of two or more types. 

[0044] 

In addition to the aforementioned compounds, it is also possible to use 
polyvinylcarbazole or polysilane (Appl. Phys, Lett., Vol 59, p. 2760, 1991), polyphosphazene 
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(Japanese Kokai Patent Application No. Hei 5[1993]-3 10949), polyamide (Japanese Kokai 
Patent Application No. Hei 5[1993]-3 10949), polyvinyltriphenylamine (Japanese Kokai Patent 
Application No. Hei 7[1995]-53953), polymer having a triphenylamine skeleton (Japanese Kokai 
Patent Application No. Hei 4[1992]-133065), polymer formed by connecting triphenylamine 
units with methylene groups (Synthetic Metals, Vol. 55-57, p. 4163, 1993), polymethacrylate 
containing an aromatic amine (J. Polym, Sci., Polym. Chem. Ed., Vo. 21, p. 969, 1983), or other 
polymeric materials can be used as the material for hole transport layer 71. 

[0045] 

Hole transport layer 7a is laminated on said anode 6 by forming films of the 
aforementioned hole transport materials by means of coating or vacuum deposition. 

[0046] 

If the coating method is used, one or several types of the hole transport materials and, if 
necessary, a binder resin, coating property modifier, or other additives absent in the traps of the 
holes are added and dissolved in a solvent to prepare a coating solution. The coating solution is 
coated on anode 6 by spin coating, etc., and then dried to form organic hole transport layer 7a. In 
this case, polycarbonate, polyacrylate, polyester, etc., can be used as the binder resin. Since the 
mobility of the holes decreases as the amount of binder resin added is increased, a small amount 
of binder resin is desired, preferably 50 wt% or less. 

[0047] 

On the other hand, if vacuum deposition is used, the hole transport material is added to a 
crucible set in a vacuum container. After the vacuum container is evacuated to about 10^* Pa 
using an appropriate vacuum pump, the crucible is heated to evaporate the hole transport 
material to form hole transport layer 7a on anode 6 on substrate 1 set opposite to the crucible. 

[0048] 

When hole transport layer 7a is formed as described above, metal complexes and/or metal 
salts of aromatic carboxylic acids (Japanese Kokai Patent Application No. Hei 4[1992]-32084), 
benzophenone derivatives and thiobenzophenone derivatives (Japanese Kokai Patent Application 
No. Hei 5[1993]-295361), fiiralene (Japanese Kokai Patent Application No. Hei 
5[1993]-331458), etc., can be doped at a concentration of 10~ 3 -10 wt% as acceptors to generate 
holes as free carriers. In this way, the element can be driven at a low voltage. 
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[0049] 

The thickness of hole transport layer 7a is usually in the range of 10-300 nm, preferably, 
in the range of 30-100 nm. In order to form the hole transport layer with the aforementioned 
thickness uniformly, it is typically preferred to use vacuum deposition. 

[0050] 

Also, in order to increase the hole injection efficiency and improve the adhesion of the 
entire organic layer to anode 6, a hole injection layer 7c can be formed between hole transport 
layer 7a and anode 6 as shown in Figure 6. It is preferred to use a material that has a low 
ionization potential, high electroconductivity and can form a thermally stable thin film on anode 
6, to form hole injection layer 7c. Examples of such material include phthalocyanine compounds 
or porphyrin compounds (Japanese Kokai Patent Application No. Sho 57[1982]-51781, Sho 
63[1988]-295695). When said hole injection layer 7c is formed, the initial driving voltage for the 
element is lowered. In the meantime, the voltage rise occurring when the element is driven 
continuously at a constant current can be limited. The electroconductivity of hole injection layer 
7c can also be improved by doping acceptors in the same way as for hole transport layer 7a. 

[0051] 

The thickness of hole injection layer 7c is usually in the range of 2-100 nm, preferably, in 
the range of 5-50 nm. In order to form the hole injection layer with the aforementioned thickness 
uniformly, it is usually preferred to use vacuum deposition. 

[0052] 

The electron transport layer 7b formed on hole transport layer 7a is made of a compound 
that can efficiently transport electrons from the cathode in the direction of hole transport layer 7a 
between the electrodes to which an electric field is applied. 

[0053] 

The electron transport compound used for electron transport layer 7b must be able to 
inject electrons efficiently from cathode 8 and transport the injected electrons efficiently. 
Consequently, the compound is required to have high electron affinity, high electron mobility, 
excellent stability and is difficult to generate impurities that will become traps during 
manufacture or use. 
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[0054] 

Examples of compounds that satisfy the aforementioned conditions include 
tetraphenylbutadiene or other aromatic compounds (Japanese Kokai Patent Application No. 
Sho 57[1982]-51781), aluminum complex of 8-hydroxyquinoline or other metal complexes 
(Japanese Kokai Patent Application No. Sho 59[1984]-194393), cyclopentadiene derivatives 
(Japanese Kokai Patent Application No. Hei 2[1990]-289675), perinone derivatives (Japanese 
Kokai Patent Application No. Hei 2[1990]-289676), oxadiazole derivatives (Japanese Kokai 
Patent Application No. Hei 2[1990]-216791), bisstyrylbenzene derivatives (Japanese Kokai 
Patent Application No. Hei 1 [1989]-245087, Hei 2[1990]-222484), perylene derivatives 
(Japanese Kokai Patent Application No. Hei 2[1990j-l 89890, Hei 3[1991]-791), coumarin 
compounds (Japanese Kokai Patent Application No. Hei 2[1990]-191694, Hei 3[1991]-792), rare 
earth complexes (Japanese Kokai Patent Application No. Hei l[1989]-256584), distyrylpyrazine 
derivatives (Japanese Kokai Patent Application No. 2[1990]-252793), p-phenylene compounds 
(Japanese Kokai Patent Application No. Hei 3[1991]-33 1 83), thiadiazolopyridine derivatives 
(Japanese Kokai Patent Application No. Hei 3[1991]-37292), pyrrolopyridine derivatives 
(Japanese Kokai Patent Application No. Hei 3[1991]-37293), naphthylidine derivatives 
(Japanese Kokai Patent Application No. Hei 3[1991]-203982), etc. 

[0055] 

Electron transport layer 7b using the aforementioned compounds is typically used to 
transport electrons and generate light when recoupling holes and electrons at the same time. 

[0056] 

If hole transport layer 7a has a luminescence function, electron transport layer 7b may 
only have the electron transport function. 

[0057] 

In order to improve the light-emitting efficiency of the element and change the light of 
the generated light, for example, the aluminum complex of 8-hydroxyquinoline can be used as 
the host material, and coumarin or other fluorescent coloring material for lasers can be doped 
(J. Appl. Phys., Vol. 65, p. 3610, 1989). In the present invention, the light-emitting characteristic 
of the element can also be further improved by using the aforementioned organic electron 
transport materials as host material and doping various types of fluorescent coloring materials at 
10' 3 -10mol%. 
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[0058] 

The thickness of the electron transport layer 7b is usually in the range of 10-200 nm, 
preferably, in the range of 30-100 nm. 

[0059] 

The electron transport layer can be formed in the same way as the hole transport layer. 
Vacuum deposition is typically used. 

[0060] 

Examples of single organic luminescent layer 7 shown in Figure 4 without function 
separation are formed by mixing the aforementioned poly(p-phenylenevinylene) (Nature, 
Vol. 347, p. 539, 1990, etc.), poly[2-methoxy-5-(2-ethylhexyloxy)-l,4-phenylenevinylene] 
(Appl. Phys. Leftt., Vol. 58, p. 1982, 1991, etc.), poly(3-alkylthiophene) (Jpn, J. Appl. Phys, 
Vol. 30, p. L1938, 1991, etc.), or another polymeric material, or polyvinylcarbazole or another 
polymeric material with a luminescent material and an electron transport material (Application 
Physics, Vol. 61 , p. 1 044, 1992). 

[0061] 

Cathode 8 is used to inject electrons into organic luminescent layer 7. The materials used 
for said anode 6 can be used as the materials of cathode 8. However, in order to inject electrons 
efficiently, it is preferred to use a metal with low work function, such as tin, magnesium, indium, 
calcium, aluminum, silver, etc., or their alloys. The thickness of cathode 8 is on the same level as 
that of anode 6. 

[0062] 

In order to protect the cathode made of a metal with low work function, it is also possible 
to laminate a layer of metal with a high work function and high stability to air on the cathode to 
improve the stability of the element. Said metal layer can be made of aluminum, silver, nickel, 
chromium, gold, platinum, etc. 

[0063] 

Figures 4-6 show an example of the main body element to which the present invention is 
applied. Besides the main body element shown in these figures, the present invention can also be 
applied to a main body element with the following layer structure. 
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[0064] 

Anode/hole transport layer/electron transport layer/interfacial layer/cathode 
Anode/hole transport layer/electron transport layer/another electron transport 
layer/cathode 

Anode/hole transport layer/electron transport layer/another electron transport 
layer/interfacial layer/cathode 

Anode/hole injection layer/hole transport layer/electron transport layer/interfacial 
layer/cathode 

Anode/hole injection layer/hole transport layer/electron transport layer/another electron 
transport layer/cathode 

In the aforementioned structures, the interfacial layer is used to improve contact between 
the cathode and the organic layer. It can be made of aromatic diamine compounds (Japanese 
Kokai Patent Application No. Hei 6[1994]-267658), quinacridone compounds (Japanese Kokai 
Patent Application No. Hei 6[1994]-330031), naphthacene compounds (Japanese Kokai Patent 
Application No. Hei 6[1994]-330032), organic silicon compounds (Japanese Kokai Patent 
Application No. Hei 6[1994]-325871), organic phosphorous compounds (Japanese Kokai Patent 
Application No. Hei 6[1994]-325872), compounds having an N-phenylcarbazole skeleton 
(Japanese Patent Application No. Hei 6[1 994]- 199562), N-vinylcarbazole polymers (Japanese 
Patent Application No. Hei 6[1994]-200942), etc. The thickness of the interfacial layer is usually 
in the range of 2-100 nm, preferably, in the range of 5-30 nm. Instead of the interfacial layer, it is 
also possible to form regions containing 50 wt% or more of the aforementioned materials used 
for the interfacial layer near the cathode interfaces of the organic luminescent layer and the 
electron transport layer. 

[0065] 

Also, said other electron transport layer is laminated on the electron transport layer in 
order to further improve the light-emitting efficiency of the organic electroluminescence 
element. The compounds used for such an electron transport layer are required to allow easy 
injection of electrons from the cathode and even higher electron transport capability. Examples 
of such an electron transport material include oxadiazole derivatives (Appl. Phys. Lett., Vol. 55, 
p. 1489, 1989, etc.) or systems obtained by dispersing the aforementioned oxadiazole derivatives 
in poly(methyl methacrylate) (PMMA) or other resins (Appl. Phys. Lett., Vol. 61, p. 2793, 
1992), phenanthroline derivatives (Japanese Kokai Patent Application No. Hei 5[1993]-331459), 
or n-type hydrogenated amorphous silicon carbide, n-type zinc sulfide, n-type zinc selenide, etc. 
The thickness of said another electron transport layer is usually in the range of 5-200 nm, 
preferably, in the range of 1 0- 1 00 nm. 
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[0066] 

The organic electroluminescence element of the present invention can be a single 
element, an element with a structure arranged in an array form, or an element with a structure in 
which the anode and cathode are arranged in an X-Y matrix form. 

[0067] 

Application examples 

In the following, the present invention will be explained in more detail with reference to 
application examples and comparative examples. The present invention, however, is not limited 
to the application examples described below. 

[0068] 

A pplication Example 1 

Used as photopolymerization initiators, 0. 1 part by weight of 2,4,6- 
trimethylbenzoyldiphenylphosphine oxide and 0.02 part by weight of benzophenone were 
blended homogeneously in 100 parts by weight of 4,4'-bis(p-methacryloyloxyethylthio)diphenyl 
sulfone. The obtained composition was injected into a die comprised of a metal plate having such 
a micro-lens array shape that semispherical recessed parts with diameters of 1 mm were arranged 
at pitches of 1 mm and a flat glass plate with 1-mm-thick silicon spacers were arranged between 
the plates. The die was irradiated for 3 min by UV light as scattered light emitted from a 
high-pressure mercury lamp with an output of 80 mW/cm 2 set 50 cm above the glass plate to 
cure the composition. After curing, the die was removed, and the cured composition was 
annealed at 120°C for 1 h to obtain a plastic sheet with a projecting micro-lens array structure on 
one side and smooth surface on the other side. Table 1 shows the lens diameter, curvature radius 
of the lens part, pitch of the lens part, thickness, refractive index, and specific weight of the 
micro-lens array sheet. 

[0069] 

With the micro-lens array sheet used as a substrate, an ITO (indium/tin oxide) film with a 
thickness of 0.1 \xm was formed by means of sputtering on its smooth surface. Then, an etching 
solution of 6N hydrochloric acid (50°C) was used to process the ITO film into 2-mm strips. The 
ITO substrate was washed with UV/O3. After that, the substrate was set in a vacuum deposition 
apparatus, which was evacuated using an oil diffusion pump equipped with liquid nitrogen trap 
until the vacuum degree in the apparatus was 10" 4 Pa. Then, copper phthalocyanine represented 
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by the following structure 1 was used as the material for organic hole injection layer to form a 
20-nm-thick film on the substrate. The deposition rate was 0.3 nm/sec. 

[0070] 
[Structure 1] 




[0071] 

Then, used as the organic hole transport material, N,N'-diphenyl-N,N , -(a-naphthyl)-l,r- 
biphenyl-4,4 f -diamine represented by the following structure 2 was added to a ceramic crucible, 
which was heated by tantalum wire heater to perform deposition. The temperature of the crucible 
was kept in the range of 160-170°C. The vacuum degree during deposition was 10" 4 Pa. The 
deposition time was 3 min 10 sec. As a result, an organic hole transport layer with a thickness of 
60 nm was obtained. 

[0072] 
Structure 2 




[0073] 

Then, an 8-hydroxyquinoline complex Al(C 9 H 6 NO)3 of aluminum represented by the 
following structure 3 was used as the material for the electron transport material to perform 
deposition in the same way on the aforementioned organic hole transport layer. The temperature 
of the crucible was kept in the range of 230-270°C. The vacuum degree during deposition was 
2x10"* torr. The deposition time was 3 min 30 sec. As a result, an electron transport layer with a 
thickness of 75 nm was obtained. 
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[0074] 
Structure 3 




[0075] 

A cathode made of an alloy electrode of magnesium and silver (Mg:Ag = 10:1.5 (atomic 
ratio)) was formed by means of deposition to a thickness of 40 nm using the simultaneous 
two-dimensional deposition method on the substrate, whereon the hole injection layer, the hole 
transport layer, and the electron transport layer had been formed. Deposition was carried out 
using a molybdenum board at a vacuum degree of 2x1 0" 4 Pa for 4 min 20 sec. As a result, a 
glossy film was formed. After that, aluminum was deposited to a thickness of 40 nm to form a 
protective layer. 

[0076] 

When a DV voltage of 6 V was applied with the ITO electrode side of the obtained 
organic electroluminescence element used as the anode and the MgAg alloy film side used as the 
cathode, a current of 4 mA/cm 2 occurred, and light was emitted. The brightness at that time was 
measured. The results are shown in Table 2. 

[0077] 

A pplication Example 2 

The process was carried in the same way as described in Application Example 1 except 
for using a micro-lens array die with semispherical recessed parts with a diameter of 2 mm 
arranged at pitches of 2 mm. As a result, a micro-lens array sheet with the lens diameter, 
curvature radius of the lens part, pitch of the lens part, thickness, refractive index, and specific 
weight shown in Table 1 was obtained. An organic electroluminescence element was 
manufactured in the same way. The results of measuring the brightness are shown in Table 1. 



[0078] 

A pplication Example 3 

Used as photopolymerization initiators, 0.1 part by weight of 2,4,6- 
trimethylbenozyldiphenylphosphine oxide and 0.02 part by weight of benzophenone were 
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blended homogeneously in 100 parts by weight of p-bis(P-methacryloyloxyethylthio)xylylene. 
The obtained composition was injected into a die comprised of a negative mask pattern having 
10-nni-<|> light transmitting parts arranged at pitches of 20 pm as shown by 4 in Figure 3 
(arranged such that the mask side was on the inner side of a die with a mask formed by 
depositing chromium on a 1.5-mm-thick glass plate) and a transparent glass plate with 
1-mm-thick silicon spacers arranged between the plates. The die was irradiated by high-pressure 
mercury lamps with outputs of 8 mW/cm 2 set 50 cm below and above the glass plate. The die 
was first irradiated by the scattered UV light from the lamp above the die through the negative 
mask pattern for 1 min, followed by irradiation by the lamps above and below the die 
simultaneously for 1 1 min. After curing, the die was removed, and the cured composition was 
annealed at 120°C for 1 h to obtain a micro-lens array sheet with the lens diameter, curvature 
radius of the lens part, pitch of the lens part, thickness, refractive index, and specific weight 
shown in Table 1 . An organic electroluminescence element was manufactured in the same way 
as described in Application Example 1 except for using the aforementioned sheet as the 
substrate. Table 1 shows the results of measuring the brightness. 

[0079] 

Application Example 4 

The process was carried out in the same way as described in Application Example 3 
except for using a negative mask pattern having 50-|om-<|> light transmitting parts at pitches of 
80 \*m. As a result, a micro-lens array sheet with the lens diameter, curvature radius of the lens 
part, pitch of the lens part, thickness, refractive index, and specific weight shown in Table 1 was 
obtained. An organic electroluminescence element was manufactured in the same way as 
described in Application Example 1 except for using the aforementioned sheet as the substrate. 
The results of measuring the brightness are shown in Table 1 . 

[0080] 

Application Example 5 

The process was carried out in the same way as described in Application Example 3 
except for using a negative mask pattern having 100-pm-<|> light transmitting parts at pitches of 
1 10 \im. As a result, a micro-lens array sheet with the lens diameter, curvature radius of the lens 
part, pitch of the lens part, thickness, refractive index, and specific weight shown in Table 1 was 
obtained. An organic electroluminescence element was manufactured in the same way as 
described in Application Example 1 except for using the aforementioned sheet as the substrate. 
The results of measuring the brightness are shown in Table 1 . 
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[0081] 

A pplication Example 6 

A micro-lens array sheet was manufactured in the same way as described in Application 
Example 3. The sheet was superposed on the coating of the photocurable liquid monomer 
composition used in Application Example 3 on a 1000-|im-thick glass plate, followed by 
photocuring. As a result, a laminated substrate with the lens diameter, curvature radius of the 
lens part, pitch of the lens part, thickness, refractive index, and specific weight shown in Table 1 
was obtained. An organic electroluminescence element was manufactured in the same way as 
described in Application Example 1 except for using the aforementioned laminated substrate. 
The results of measuring the brightness are shown in Table 1. 

[0082] 

Application Example 7 

In Application Example 3, after photocuring, the chromium deposited mask and the 
silicon spacers were removed, and a micro-lens array layer is laminated on the 1000-jim-thick 
glass plate. As a result, a laminated substrate with the lens diameter, curvature radius of the lens 
part, pitch of the lens part, thickness, refractive index, and specific weight shown in Table 1 was 
obtained. An organic electroluminescence element was manufactured in the same way as 
described in Application Example 1 except for using the aforementioned laminated substrate. 
The results of measuring the brightness are shown in Table 1 . 

[0083] 

Comparative Example 1 

An organic electroluminescence element was manufactured in the same way as described 
in Application Example 1 except for using a smooth glass plate (thickness, refractive index, and 
specific weight are shown in Table 1) without micro-lens array structure as the substrate. The 
results of measuring the brightness are shown in Table 1. 

[0084] 

Comparative Example 2 

Used as photopolymerization initiators, 0. 1 part by weight of 
2,4,6-trimethylbenozyldiphenylphosphine oxide and 0.02 part by weight of benzophenone were 
blended homogeneously in 100 parts by weight of p-bis(P-methacryloyloxyethylthio)xylylene. 
The obtained composition was injected into dies made of polished optical glass with 1-mm-thick 
silicon spacers sandwiched between them. The dies were irradiated by metal halide lamps with 
outputs of 80 W/cm 2 set 40 cm below and above the glass surface for 5 min. Then, the dies were 
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removed, followed by an annealing treatment performed at 120°C for 1 h. The cured 
composition without micro-lens array structure was cut into a slide glass shape of 
25 mm x 75 mm to obtain a sheet with the thickness, refractive index, and specific weight shown 
in Table 1. An organic electroluminescence element was manufactured in the same way as 
described in Application Example 1 except for using the aforementioned sheet as the substrate. 
Table 1 shows the results of measuring the brightness. 

[0085] 

Table! 
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[0086] 

Effects of the invention 

As described above, according to the present invention, a high-brightness organic 
electroluminescence element can be realized without changing the driving voltage or coloring 
material depending on the focusing function realized by the substrate with the micro-lens array 
structure. Consequently, the organic electroluminescence element of the present invention is very 
useful in the industrial field for supplying flat panel displays of high brightness and low voltage, 
etc. 

Brief description of the figures 

Figure 1 is a schematic diagram explaining the structure and focusing function of the 
substrate used in the present invention. 

Figure 2 is an oblique view illustrating an example of the method for forming the 
micro-lens array structure. 

Figure 3 is a schematic diagram illustrating the emitted light of the conventional 
substrate. 

Figure 4 is a schematic cross-sectional view illustrating an application example of the 
organic electroluminescence element of the present invention. 

Figure 5 is a schematic cross-sectional view illustrating another application example of 
the organic electroluminescence element of the present invention. 

Figure 6 is a schematic cross-sectional view illustrating yet another application example 
of the organic electroluminescence element of the present invention. 
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